Introduction
Cutaneous malignant melanoma is the leading type of skin cancer with increasing incidence worldwide [1] . It is caused by uncontrolled proliferation of epidermal melanocytes. Exposure to sunlight is a significant risk factor for melanoma development [2] . In C57BL/6 mouse melanomas, the melanoma-associated retrovirus MelARV was expressed, and infection of normal melanocytes with MelARV induced malignant transformation [3] . Moreover, in human melanomas and metastases, but not in normal melanocytes, expression of the endogenous retrovirus K (HERV-K) protein Rec was detected [4, 5] . HERV-K Rec and Np9 proteins are associated with tumorigenesis [6] . However, little is known about HERV-K expression in irradiated melanocytes and melanoma cells. To investigate whether HERV-K expression might be associated with transformation of primary melanocytes, we focussed our attention on ultraviolet C (UVC) as a tumor inducer [7] and the HERV-K rec and np9 transcription as markers for oncogenesis.
Methods
Normal human epidermal melanocytes (NHEM; Promo-Cell, Germany) from two donors (referred to as NHEM-1 and NHEM-2) and cells of the melanoma cell lines G-361, MEWO, MEL JUSO and GR-M were seeded into 50 mm dishes (Nunc, Germany) (0.5-1 Â 10 6 /dish). NHEM were grown in supplemented melanocyte growth medium (PromoCell). The human melanoma cell lines were grown in RPMI-1640 medium (GR-M, MEL JUSO), in EMEM medium (MEWO), and in McCoy's 5A medium (G-361), each supplemented with 10% FCS and 2 mmol/l L-glutamine. Cells were maintained in a humidified air-5% CO 2 atmosphere at 371C. The next day, each cell culture was washed with 2 ml PBS. All liquid was taken off and cells were irradiated with B4 mW/cm 2 for both 2.5 s (equal to 10 mJ/cm 2 ) and 7.5 s (equal to 30 mJ/cm 2 ) UVC (254 nm) in an UV Stratalinker 2400 (Stratagene, The Netherlands). Cell cultures were replenished with fresh culture medium and incubated for 0, 6, 12, and 24 h. At the timepoints given all cell cultures were washed with 2 ml PBS and lysed in 600 ml RLT lysis buffer (Qiagen, Germany). Thus samples for t 0 were lysed approximately 5 min after the onset of UV irradiation. Unirradiated cultures served as controls and were treated identically except that UV treatment was omitted. For melanoma cell lines, all assays were performed in triplicate and in two independent experiments. Analyses for melanocytes were also performed in triplicate but only once per donor.
1 mg RNA were incubated for 5 min at 651C, then snapcooled to 41C. Buffer, DTT, dNTPs, and 1 ml RT enzyme were added and the reaction mix was incubated for 50 min at 371C and for 15 min at 701C. HERV-K rec and np9 expression was determined by specific quantitative real-time PCR assays [25 ml reaction mix using 2.5 ml of cDNA product, 6.25 ml universal master mix (Applied Biosystems, Germany), 300 nmol/l of each of the primers and 100 nmol/l probe ( Table 1 )] in the Applied Biosystems 7700 sequence detection system. Amplification was carried out for 2 min at 501C, 5 min at 951C, followed by 45 cycles for 15 s at 951C and 1 min at 601C. The number of rec-mRNA and np9-mRNA copies was normalized to 10 6 copies of L13-mRNA. L13 primers and probe were used as published earlier [8] . Data were analyzed with the one-way analysis of variance (post-hoc Tukey B, P < 0.05).
Results
In untreated NHEM from both donors, no rec mRNA was detected ( Fig. 1a and b ). Irradiation with 10 mJ/cm 2 UVC significantly induced rec expression 24 h after UV exposure, reaching levels of 300 and 400 copies in NHEM-1 and NHEM-2. UV irradiation with 30 mJ/cm 2 had no influence on rec expression. Basal expression of np9 was between 40 and 110 copies in NHEM from both donors ( Fig. 2a and b ). After UV irradiation with both 10 and 30 mJ/cm 2 np9 expression transiently increased to levels between 190 and 300 copies 6 and 12 h after UV exposure. Twenty-four hours after irradiation np9 expression had returned to the initial level seen at t 0 .
In melanoma cell lines, MEWO and G-361, basal rec expression was highest with 10 100-30 800 and 8400-15 800 copies, respectively ( Fig. 1d and e ). Although rec expression was lower but clearly detectable in MEL-JUSO (< 80 copies) ( Fig. 1c ) it was undetectable in GR-M (not shown). After UV treatment rec expression was downregulated in MEWO and G-361, remained undetectable in GR-M but was significantly increased after irradiation with both 10 and 30 mJ/cm 2 UVC in MEL JUSO. In all four melanoma cell lines, basal np9 expression was between 50 and 1500 copies, however, in contrast to rec expression with some variations during the course of the experiment (Fig. 2c-f ). Stimulation of np9 expression was seen in MEL JUSO in which the expression was significantly enhanced 6 and 12 h after UV exposure with 10 mJ/cm 2 while np9 expression was reduced in MEWO and G-361 cells for both UVC conditions from t 0 to 24 h ( Fig. 2d and e ).
Discussion
HERV-K expression is linked to a variety of cancer types including melanomas [4, 5, [9] [10] [11] [12] . A recent study suggesting that endogenous retroviruses are associated with melanoma showed that HERV-K-MEL antigens are targeted by cytolytic T lymphocytes in melanoma patients [13] . The antigen was expressed in the majority of nevi, cutaneous, and ocular melanomas but not in normal tissues such as keratinocytes and melanocytes. HERV-K protein expression was highly specific in patients with primary melanomas and metastases [5] . Increased malignancy of melanoma cell lines has been correlated with HERV-K gene expression as a response to stress [14] . So far for two HERV-K genes, np9 and rec, expressed from two HERV-K elements, type 1 and type 2, respectively [15, 16] , some evidence has been collected for their involvement in tumor induction [6] . We therefore investigated the effect of UVC irradiation on HERV-K rec and np9 expression in NHEM and compared it with different melanoma cell lines.
Investigation of basal rec and np9 expression showed that np9 encoded by HERV-K type 1 provirus was detected in NHEM and in all melanoma cell lines. In contrast, rec expressed from HERV-K type 2 was not detected in NHEM and only in three out of four melanoma cells. Remarkable differences between the presence of rec and np9 have also been shown for primary tumor samples such as germ-cell tumors [16] , mammary carcinomas [16] , and melanoma tissues [17] . Possibly, the expression of HERV-K elements is regulated differentially and is cell-type specific [18] . Indeed, there are sequence differences in LTRs being linked to tissue-specific expression of HERV-K elements [19] , although they could not be associated with a particular type of provirus. As expression levels for HERV elements are developmentally regulated in both somatic and germline tissue [20] , this may also explain the observed differences of rec and np9 levels between NHEM and melanoma cell lines. These primers are designed to specifically bind to the rec and np9 mRNA, respectively, by spanning the specific splice junctions. Splice junctions are indicated with a slash.
After UVC irradiation of NHEM expression of HERV-K, rec was significantly induced 24 h after UV exposure, whereas np9 expression transiently increased 6 and 12 h after irradiation and returned to control levels after 24 h.
On the contrary, rec and np9 expression was downregulated or remained unchanged after UV treatment in most of the melanoma cell lines. Only MEL JUSO cells showed an expression pattern comparable with NHEM That means that averages followed by the same capital letters do not differ statistically and vice versa.
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assuming that this cell line might be derived from an earlier differentiation stage as the other melanoma cell lines investigated. This might even be supported by the observation that MEL JUSO is the only melanoma cell line investigated in this study that showed induction of rec expression as seen for NHEM, although with different kinetics. It was remarkable that changes in np9 and rec expression were extremely rapid in the melanoma cell lines compared with NHEM and already clearly detectable after the few minutes necessary for the post-irradiation treatment and lysis of the cells at t 0. This suggests that the observed UV-dependent regulation of np9 and rec in NHEM and melanoma cell lines might be because of distinct biological mechanisms reflecting the actual state of the cells.
In NHEM, expression of rec was only induced after UV irradiation with 10 mJ/cm 2 , whereas np9 expression was increased after irradiation with both 10 and 30 mJ/cm 2 UVC. Earlier, expression of human endogenous retroviral pol sequences was described for primary epidermal keratinocytes and for a spontaneously immortalized keratinocyte cell line (HaCaT) after UV treatment [21] . Both keratinocytes and HaCaT irradiation with low doses of UVB (10 mJ/cm 2 ) or even high doses of UVA (up to 20 J/cm 2 ) had little or no effect on HERV expression. In contrast, irradiation with 30 mJ/cm 2 UVB led to transcriptional activation of some retroviral pol sequences 6 and 24 h after UV irradiation in both cell types and inhibition of certain pol sequences in keratinocytes 6 h after UV exposure. Similarly, our experiments point to a UV dose-dependent expression of HERV-K sequences. Both, the published activation of the endogenous retroviral pol sequences and the observed increase of rec and np9 transcripts in our study, are time-dependent. The late response to UV irradiation in keratinocytes may be mediated through an extracellular loop involving the action of growth factors and interleukins [21] . Nonetheless, the reason for the late or transient expression of rec or np9 transcripts in NHEM cannot be explained so far.
It was shown recently that human melanoma cell lines undergo a transition from an adherent to a nonadherent more malignant phenotype [14] . These changes, initially observed as a spontaneous event in cell cultures, can also be induced experimentally by exposing melanoma cells to starvation. Moreover, these changes are associated both with the production of HERV-K-related virus-like particles and the expression of HERV-K env. It is assumed that the activation of HERV-K expression is a key element during melanoma progression contributing to morphological and functional cell changes. Therefore, on the basis of our data an involvement of the HERV-K Rec and/or Np9 protein in melanoma development is conceivable.
For the first time, we have shown an UV-induced expression of HERV-K rec and np9 transcripts in NHEM. Both transcripts were activated upon UVC irradiation but at different timepoints after irradiation suggesting that they could have different biological functions during the development of melanoma. We might have shown that regulation of HERV-K rec and np9 expression in melanoma cell lines was a much faster process than in NHEM. Furthermore, although the basal expression level of rec in untreated melanoma cells was almost unchanged in the course of the experiment we observed substantial variation for np9. As rec and np9 are expressed from different HERV-K elements, this might be explained through differences in the transcriptional regulation between these elements in the cell lines that were analyzed for this study. So far, a potential role of these proteins in the process of transformation remains unclear and further studies are required to determine whether and how the expression of rec and np9 contributes to neoplastic transformation of human melanocytes.
